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ABSTRACT

Introduction: The objective of this study was to
compare the accumulated clinical outcomes of
two Malaysian all-comers populations, each
treated with different polymer-free sirolimus-
eluting stents (PF-SES) of similar stent design.
Methods: The Malaysian subpopulation of two
all-comers observational studies based on the

same protocol (ClinicalTrials.gov Identifiers:
NCT02629575 and NCT02905214) were com-
bined and compared to a Malaysian-only cohort
which was treated with a later-generation PF-
SES. The PF-SES’s used differed only in their
bare-metal backbone architecture, with other-
wise identical sirolimus coating. The primary
endpoint was the accumulated target lesion
revascularization (TLR) rate at 12 months. The
rates of major adverse cardiac events (MACE),
stent thrombosis (ST) and myocardial infarction
(MI) were part of the secondary endpoints.
Results: A total of 643 patients were treated
with either the first-generation PF-SES (413
patients) or second-generation PF-SES (230
patients). Patient demographics were similar in
terms of age (p = 0.744), male gender (0.987),
diabetes mellitus (p = 0.293), hypertension
(p = 0.905) and acute coronary syndrome (ACS,
44.8% vs. 46.1%, p = 0.752) between groups.
There were no differences between treatment
groups in terms of lesion length (20.8 ± 7.3 mm
vs. 22.9 ± 7.9, p = 0.111) or vessel diameter
(2.87 ± 0.39 vs. 2.93 ± 0.40, p = 0.052) despite
numerically smaller diameters in the first-gen-
eration PF-SES group. The second-generation
PF-SES tended to have more complex lesions as
characterized by calcification (10.3% vs. 16.2%,
p = 0.022), severe tortuosity (3.5% vs. 6.9%,
p = 0.041) and B2/C lesions (49.2% vs. 62.8%,
p\0.001). The accumulated TLR rates did not
differ significantly between the first- and sec-
ond-generation PF-SES (0.8% vs. 0.9%,
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p = 0.891). The accumulated MACE rates were
not significantly different (p = 0.561), at 1.5%
(6/413) and 2.2% (5/230), respectively.
Conclusions: Modifications in coronary stent
architecture which enhance the radial strength
and radiopacity without gross changes in strut
thickness and design do not seem to impact
clinical outcomes.
Clinical Trial Registration: ClinicalTrials.gov
Identifiers: NCT02629575 and NCT02905214.

Keywords: MACE; Polymer-free; Sirolimus;
Stent architecture; TLR

Key Summary Points

Drug-eluting stents (DES) are the standard
of care for percutaneous coronary
interventions (PCI).

Clinical outcomes after PCI depend also
on stent related factors such as stent
design and coating.

Procedure related and patient related
factors may also affect clinical outcomes.

Radial strength and radio-opacity of DES
designs can be improved without gross
changes in strut thickness.

These modifications in DES architecture
without gross changes in strut thickness
do not seem to impact clinical outcomes.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. The dig-
ital features can be accessed on the article’s
associated Figshare page. To view digital fea-
tures for this article go to https://doi.org/10.
6084/m9.figshare.13214918.

INTRODUCTION

With the new Medical Device Regulation (MDR)
being legally binding for all device manufac-
turers in Europe, there are regulatory changes of
paramount importance. According to the MDR,
devices are equivalent if they are of similar
design and used under similar conditions, and
have similar specifications and properties
including their physicochemical properties [1].
While this regulatory framework focuses only
on stent-related factors, there is a plethora of
other patient- or procedure-related factors
which impact clinical outcomes (Fig. 1).

The design history of the latest-generation
drug-eluting stents (DES) investigated in this
study dates back to its early stainless steel pre-
decessor (Coroflex�, B. Braun Melsungen AG),
which was first launched in 1999. The device
was studied by Kalmbach et al. [2] in a single-
arm trial with angiographic endpoint revealing
a low late lumen loss of 0.64 ± 0.78 mm. Due to
the thin struts of the device, the crossing profile
of the crimped section was\ 1.00 mm. Further
development of this bare metal backbone

Fig. 1 Factors impacting on clinical outcomes after DES
procedures (based on Krackhardt et al. [20])
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resulted in passive coating with polyphosp-
hazene [3], followed by paclitaxel-polymer
coating to transform the BMS backbone into a
paclitaxel-eluting stent system [4] similar to the
extensively studied Taxus� paclitaxel-eluting
stent (PES; Boston Scientific). While still main-
taining the original sinusoidal ring elements
connected by flexible bridges, the stainless steel
platform was changed to cobalt-chromium
alloy. This new BMS platform was equally
studied in an unselected patient population by
Bocksch and coworkers [5] before the clinically
proven sirolimus-probucol [6] coating was
applied to this stent platform [7].

While there is a paucity of data relating stent
design and clinical outcomes, Watson and
coworkers [8] addressed the mechanical prop-
erties and their potential clinical ramifications.
Whereas radial strength, radiopacity and a high
stripping force of the crimped stent are associ-
ated with more metal, they contribute to an
increased overall stiffness. This in turn reduces
the deliverability of the stent to the lesion site.
To counterbalance shortcomings in lesion
crossability, the balloon catheter is typically
coated to reduce intra-procedural friction. One
key aspect [8] may be the stent’s ability to resist
longitudinal deformation in case individual
stent struts may catch on ‘‘roadblocks’’ in the
lesion site. Longitudinal compression may also
increase the risk for malapposed stent struts,
which are associated with a higher risk of
additional stenting and stent thrombosis (ST)
[9]. Literature reports [10] have documented the
risk of longitudinal compression primarily with
stent designs having only two connectors
between the ring elements. Another aspect
which relates stent design to radial force in left
main coronary artery stenting and large side-
branch bifurcations was reported by Noad et al.
[11]. They point out that while more ring con-
nectors may increase the longitudinal com-
pression resistance, they may also lead to a
higher risk of stent fractures, which are the
main culprits for ST [12].

The purpose of this post hoc analysis is to
compare the accumulated clinical event rates
from two real-word clinical studies, each using a
slightly different polymer-free sirolimus-eluting

stent (PF-SES) design with an otherwise identi-
cal polymer-free sirolimus-coating.

METHODS

Study Design

Adult patients were prospectively enrolled in
seven Malaysian centers (ClinicalTrials.gov
Identifiers NCT02629575, NCT02905214)
[7, 13], treated with a first-generation PF-SES
and compared to a Malaysian all-comers cohort
receiving the second-generation PF-SES. All of
these studies were based on the same protocol
and used the same data capture system (stud-
iesportal.com). A follow-up window of
12 ± 3 months was allowed to accommodate
for the all-comers nature of this observational
study.

Ethics Approval

Prior to commencing this study, two lead ethics
votes were obtained to cover all participating
centers (IJN Research Ethics Committee, Kuala
Lumpur, nos. IJNREC/142/2016 and IJNREC/04/
2016; Medical Ethics Committee University of
Malaya Medical Center, no. 20166–2540). The
Declaration of Helsinki in its most recent form
was the basis for this trial. Patients were
informed and consented prior to enrollment.
No patient was included without prior consent.

Endpoints and Definitions

The primary endpoint was the accumulated
target lesion revascularization rate (TLR, coro-
nary artery bypass grafting and repeat percuta-
neous coronary intervention [Re-PCI]). The
secondary endpoints were the rates of myocar-
dial infarction (MI), all-cause death and major
adverse cardiac events (MACE) consisting of
TLR, myocardial infarction (MI) and all-cause
death [14]. MI was based on the available defi-
nition at the time the studies were conducted
[15]. The all-cause death rate was used to define
the accumulated MACE rate, while cardiac
death was only defined during hospitalization.
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Acute/subacute ST was defined by the Academic
Research Consortium (ARC) criteria [14]. Minor
bleeding was defined as Bleeding Academic
Research Consortium (BARC) types 1 and 2,
whereas major bleeding episodes were catego-
rized as BARC 3a–5 [16]. The criterion for renal
insufficiency was an estimated glomerular fil-
tration rate (eGFR)\60 mL/min/1.73m2 and a
cutoff eGFR rate for mandatory dialysis
of\ 15 mL/min/1.73 m2. Severe vessel tortuos-
ity was defined by the angulation criterion
of[ 45� [17].

Materials

Two ultrathin strut PF-SES’s (Coroflex� ISAR
and Coroflex� ISAR NEO, B. Braun Melsungen
AG, Germany) were used in this comparative
study. Their coating technology, which consists
of a probucol-sirolimus matrix on the ablumi-
nal side only, was previously described by
Krackhardt et al. [7]. The PF-SES’s were
implanted following each institution’s guideli-
nes and preferences. The differences between
these two devices were primarily in the slightly

modified stent architecture, i.e. ring connectors
and slightly widened connector base as shown
in Fig. 2, which shows the BMS backbones of
the PF-SES’s. This stent architecture modifica-
tion was beneficial for enhancing the
radiopacity of the second-generation PF-SES.
Moreover, it resulted in a 50% increase in radial
strength.

The two PF-SES’s have an identical polymer-
free stent coating, which was intensively stud-
ied in the ISAR-TEST 5 trial with a 10-year
clinical follow-up [6]. The devices were studied
in different ethnic subpopulations [18], in
lesion morphological subgroups [8] and dia-
lyzed patients [19], and were investigated with a
focus on real-world dual-antiplatelet therapy
(DAPT) [20].

Inclusion and Exclusion Criteria

Adult patients had to meet the requirements for
PCI at the time the study was conducted [21].
Patients with stable angina and/or objective
proof of ischemia or patients with acute

Fig. 2 Comparison of two PF-SES’s with differences in stent architecture (top panel: Coroflex� ISAR, bottom panel:
Coroflex� ISAR NEO)
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coronary syndrome (ACS) were included. De
novo lesions or in-stent restenosis (ISR) in single
or multiple vessel disease with reference diam-
eters from 2.0 to 4.0 mm could be treated.

Procedural Approach

Radial or femoral vascular access was recom-
mended with an introducer sheath of at least 5
French in diameter. The operators could pre-
dilate lesions with a balloon catheter of their
preference. Alternatively, the direct stenting
approach could also be chosen. All patients
received intravenous administration of heparin
(70 IU/kg), which was supplemented as needed.
Preloading with platelet aggregation inhibitor
was recommended but not mandatory.

Post-Procedural Medication

The choice of the P2Y12 receptor antagonists
(clopidogrel, prasugrel, ticagrelor) was left to
the discretion of the treating physician. Various
post-procedural anti-platelet therapy regimens,
including clopidogrel 75 mg/day, prasugrel
10 mg/day or ticagrelor 2 9 90 mg/day, were
allowed, with lifetime administration of acetyl-
salicylic acid 100–325 mg/day [21].

Data Collection

An electronic data capture system [22, 23] with
a proven track record was used for both cohorts.
The system enabled built-in plausibility checks
during each stage of the data entry. In the case
of discrepancies, as detected by remote moni-
toring, a data verification process was initiated
to ensure the accuracy of the collected data.

Statistical Analysis

To evaluate dichotomous and categorical vari-
ables, the two-sided Fisher’s exact test or the
chi-square statistic were used whenever appli-
cable. Means and standard deviations were used
to describe continuous variables, which were
compared with the unpaired t test or the
Mann–Whitney U test in cases where the

Shapiro–Wilk test revealed a strong deviation
from a normal distribution. The significance
level a was 0.05 for all tests. SPSS version 24.0
software (IBM Corp., Armonk, NY) was used for
all statistical analyses.

Results

Baseline Data

In the entire cohort, 643 patients (Table 1) were
treated with either the first-generation PF-SES
(413 patients) or the second-generation PF-SES
(230 patients). Recruitment of the individual
studies occurred from November 2014 to
December 2018. Patient demographics were
quite similar overall in terms of age
(59.7 ± 10.9 years vs. 60.0 ± 11.3, p = 0.744),
male gender (81.6% vs. 81.3%, p = 0.987), dia-
betes mellitus (51.3% vs. 55.7%, p = 0.293),
hypertension (63.4% vs. 63.9%, p = 0.905) and
ACS rates (44.8% vs. 46.1, p = 0.752).

Regarding the lesion morphological baseline
data, there were no differences between treat-
ment groups in terms of lesion length
(20.8 ± 7.3 mm vs. 22.9 ± 7.9, p = 0.111) or
vessel diameter (2.87 ± 0.39 vs. 2.93 ± 0.40,
p = 0.052) despite numerically smaller diame-
ters in the first-generation PF-SES group
(Table 1). Patients treated with second-genera-
tion PF-SES tended to have more complex
lesions as characterized by calcification (10.3%
vs. 16.2%, p = 0.022), severe tortuosity (3.5% vs.
6.9%, p = 0.041) and B2/C lesions (49.2% vs.
62.8%, p\0.001).

Procedural Details

Pre-dilatation was carried out in 87.8% of the
overall cohort (Table 2), whereas post-dilatation
was conducted in 72.2%. All pre- and post-di-
latation was done with non-compliant balloons
at the discretion of the operator. Cutting/scor-
ing balloons was not recommended or used to
prepare the lesions. Rotablation devices were
permitted but not used. Stent diameters were
slightly larger in the second-generation PF-SES
group (2.92 ± 0.39 mm vs. 2.86 ± 0.39 mm,
p = 0.046), while stent lengths were comparable
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Table 1 Patient demographics, lesion and procedural details

Variable All patients First-generation PF-SES Second-generation PF-SES P value

Patients 643 413 230 –

Lesions 731 484 247 –

Devices 787 528 259 –

Age (years) 59.8 ± 11.1 59.7 ± 10.9 60.0 ± 11.3 0.744

Male gender 523 (81.3%) 336 (81.6%) 187 (81.3%) 0.987

Diabetes 340 (52.9%) 212 (51.3%) 128 (55.7%) 0.293

Hypertension 409 (63.6%) 262 (63.4%) 147 (63.9%) 0.905

Renal insufficiency 51 (7.9%) 23 (5.6%) 28 (12.2%) 0.003

Dialysis dependence 21 (3.3%) 13 (3.1%) 8 (3.5%) 0.821

ACS 291 (45.3%) 185 (44.8%) 106 (46.1%) 0.752

Target vessel

LAD 369 (50.5%) 242 (50.0%) 127 (51.4%) 0.440

CX 168 (23.0%) 116 (24.0%) 352 (21.1%)

RCA 193 (26.4%) 126 (26.0%) 67 (27.1%)

Graft 1 (0.1%) 0 (0.0%) 1 (0.4%)

Thrombotic occlusion 69 (9.4%) 39 (8.1%) 30 (12.1%) 0.074

Diffuse vessel disease 263 (36.0%) 174 (36.0%) 89 (36.0%) 0.983

Calcification 90 (12.3%) 50 (10.3%) 40 (16.2%) 0.022

Ostial lesion 61 (8.3%) 45 (9.3%) 16 (6.5%) 0.192

Bifurcations 47 (6.4%) 26 (5.4%) 21 (8.5%) 0.103

Severe tortuosity 34 (4.7%) 17 (3.5%) 17 (6.9%) 0.041

In-stent restenosis 13 (1.8%) 7 (1.4%) 6 (2.4%) 0.342

AHA/ACC type B2/C lesion 393 (53.8%) 238 (49.2%) 155 (62.8%) \ 0.001

Reference diameter (mm) 2.89 ± 0.40 2.87 ± 0.39 2.93 ± 0.40 0.052

Lesion length 22.3 ± 7.6 20.8 ± 7.3 22.9 ± 7.9 0.111

Degree of stenosis (%) 84.0 ± 10.4 84.1 ± 10.4 84.0 ± 10.4 0.981

Pre-dilation 642 (87.8%) 417 (86.2%) 225 (91.1%) 0.054

Post-dilatation 528 (72.2%) 339 (70.0%) 189 (76.5%) 0.064

DES per patient 1.22 ± 0.51 1.26 ± 0.55 1.13 ± 0.43 0.003

DES diameter (mm) 2.88 ± 0.39 2.86 ± 0.39 2.92 ± 0.39 0.046

DES length (mm) 23.8 ± 7.3 23.7 ± 7.2 24.0 ± 7.4 0.633

DES inflation pressure (atm) 13.6 ± 2.9 13.9 ± 2.9 13.1 ± 2.8 \ 0.001
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(23.7 ± 7.2 mm vs. 24.0 ± 7.4 mm, p = 0.633).
Inflation pressures were higher in the first-gen-
eration PF-SES group (13.9 ± 2.9 atm vs.
13.1 ± 2.8 atm, p\ 0.001). There were no dif-
ferences in terms of the overall technical success
rate per stent implantation despite a numeri-
cally higher rate in the second-generation PF-
SES group (98.8% vs. 100.0%, p = 0.079).

Co-medication

Clopidogrel was preferred (Table 2) for
preloading and post-procedural anti-platelet
therapy. There were significant differences in
terms of DAPT regimens between the two
treatment groups. The decreasing use of tica-
grelor in ACS patients with second-generation
PF-SES is noteworthy.

As previously reported by Krackhardt et al.
[18], independent of the patients’ presentation
at baseline, the DAPT duration in Malaysia is
close to 12 months, with 11.6 ± 1.7 months for
first-generation PF-SES versus
11.9 ± 1.0 months (p = 0.045) for the second-
generation PF-SES.

Clinical Results

At the 12-month follow-up, 643 patients were
available for analysis (96.1%). The overall rates
for accumulated TLR were not significantly dif-
ferent between first- and second-generation PF-
SES (0.8% vs. 0.9%, p = 0.891). The accumulated
MACE rates were not different (p = 0.561), with
1.5% (6/413) and 2.2% (5/230), respectively.
The rates for accumulated definite/probable ST
were not significantly different (p = 0.065), and
bleeding complications were also not different
between the treatment groups (0.5% vs. 0.4%,

p = 0.894). Subgroup analyses in B2/C and ACS
patients were conducted for comparison. In
ACS patients there were no differences in terms
of 12-month MACE (3.0% vs. 1.9%, p = 0.591).
Likewise in patients with B2/C lesions, the
accumulated MACE rates did not differ (2.7%
vs. 2.1%, p = 0.699).

DISCUSSION

Although it is conceivable to strictly regulate
device modifications prior to market approval,
the significance of design changes and their
need for clinical evidence needs to be reason-
able. While the second-generation PF-SES had
numerically higher rates of technical success in
crossing the lesion as compared to the first-
generation PF-SES, its radiopacity and radial
force were increased based on preclinical test-
ing. The increase in radial force to become
clinically relevant was confirmed with the sig-
nificantly lower inflation pressure in the sec-
ond-generation PF-SES, i.e. a lower pressure was
necessary to plastically deform the stent so that
recoil could be adequately addressed. Despite
the small absolute difference, this finding
remains significant.

Within the framework of observational
statistics, we could not detect differences in
clinical outcomes between the two cohorts.
Nevertheless, we need to point out that the
event rates were quite low, with an overall
MACE rate of 1.8%, which makes it difficult to
conduct a properly powered randomized con-
trolled trial. One reason for these low event
rates may be the 12-month DAPT recommen-
dation in Malaysia even in stable coronary
artery disease patients [18]. However, due to the
observational character of this study, event

Table 1 continued

Variable All patients First-generation PF-SES Second-generation PF-SES P value

Final result % stenosis 0.6 ± 2.9 0.5 ± 2.7 0.7 ± 3.2 0.488

Overall technical success per stent 725 (99.2%) 478 (98.8%) 247 (100.0%) 0.079

ACS acute coronary syndrome, DES drug-eluting stent, LAD left anterior descending artery, CX circumflex artery, RCA
right coronary artery, AHA/ACC American Heart Association/American College of Cardiology
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underreporting may have occurred equally in
both groups, which would still allow a com-
parison of these two stent generations. To better
compare the two treatment groups, subgroup
analyses in patients with B2/C lesions and ACS

patients were in the 2–3% range, which also
appears somewhat low in the real-world setting.

One alternative analysis to overcome this
statistical dilemma is the use of propensity score
(PS) matching, which was recently used to study

Table 2 Peri-procedural drug therapy and recommended DAPT regimens

Drug type Drug All
patients

First-generation
PF-SES

Second-generation
PF-SES

p value

Patients 643 413 230 –

Pre-PCI

Anti-platelet

therapy (APT)

Clopidogrel 312 (48.5%) 202 (48.9%) 110 (47.8%) \ 0.001

Ticagrelor 37 (5.8%) 37 (9.0%) 0 (0.0%)

Prasugrel 9 (1.4%) 2 (0.5%) 7 (3.0%)

Aspirin only 5 (0.8%) 4 (1.0%) 1 (0.4%)

Ticlopidine 2 (0.3%) 2 (0.5%) 0 (0.0%)

No preloading 278 (12.0%) 166 (40.2%) 112 (48.7%)

Post-PCI

Anti-platelet

therapy (APT)

Clopidogrel 464 (72.2%) 292 (70.7%) 172 (74.8%) \ 0.001

Ticagrelor 148 (23.0%) 102 (24.7%) 46 (20.0%)

Prasugrel 4 (0.6%) 4 (1.0%) 0 (0.0%)

Aspirin only 15 (2.3%) 3 (0.7%) 12 (5.2%)

Unknown 12 (1.9%) 12 (2.9%) 0 (0.0%)

Triple therapy DAPT ? vitamin K

antagonist or NOAC

0 (0.0%) 0 (0.0%) 0 (0.0%) –

Patients with follow-up 618 (96.1%) 389 (94.2%) 229 (99.6%) 0.001

DAPT duration

in months

11.7 ± 1.5 11.6 ± 1.7 11.9 ± 1.0 0.045

1 month 3 (0.5%) 3 (0.7%) 0 (0.0%) 0.153

2–3 months 3 (0.5%) 2 (0.5%) 1 (0.4%)

4–6 months 1 (0.2%) 0 (0.0%) 1 (0.4%)

6 months 19 (3.0%) 16 (3.9%) 3 (1.3%)

[ 6 to 12 months 1 (0.2%) 1 (0.3%) 0 (0.0%)

12 months 588 (95.6%) 363 (94.3%) 225 (97.8%)

Unknown status 29 (4.5%) 29 (7.0%) 0 (0.0%)
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the effect of a stent coating in otherwise iden-
tical stent platforms. Krackhardt and co-workers
[24] studied a PF-SES and compared the clinical
results to those of its bare-metal stent analogue.
The study revealed the efficacy of the stent
coating (reduction in MACE by 5.5%,
p = 0.001), and the ST rate was also lower in the
PF-SES group. Kereiakes and coworkers [25] also
used PS matching to compare cohorts, which
were treated with the Taxus Liberté paclitaxel-
eluting stent (PES) or the ION PES. The two
PES’s used similar drugs and polymer release
technologies but differed in stent designs, strut
thickness and materials (stainless steel vs. plat-
inum chromium). The study revealed that the
second-generation PES with thinner struts was
associated with a lower 12-month MACE rate as
compared to the first-generation PES (7.5% vs.
12.0%, p = 0.007). Since earlier DES platforms
always used a polymer matrix for drug release
over weeks and months, a strong relationship

between stent architecture and polymer coating
homogeneity was postulated that may have
favored the second-generation PES in this study.
In bench tests, Guérin and coworkers reported
polymer coating damage of earlier-generation
DES in a bifurcation model, which may explain
their higher stent thrombosis rates [26]. Fur-
thermore, this post hoc comparison by Ker-
eiakes et al. used fundamentally different bare
metal backbones, which may have led to the
significant difference in MACE that we did not
observe in our analysis (Table 3).

The comprehensive technical review by
Watson et al. [8] stressed the fact that the lesion
must be uniformly scaffolded, while side-
branch access should not be compromised. This
means that fundamentally different stent
designs with varying cell opening diameters and
expansion properties have to be clinically tes-
ted. If, however, the basic stent design remains
the same, as is the case with the two PF-SES’s

Table 3 Accumulated clinical outcomes

Variable All
patients

First-generation PF-
SES

Second-generation PF-
SES

p
value

Number of patients 643 413 230 –

Patients with clinical long-term follow-up or early

event

618

(96.1%)

389 (94.2%) 229 (99.6%) 0.001

Time to discharge (days) 1.6 ± 4.3 1.5 ± 2.5 1.6 ± 6.4 0.861

DAPT duration in months 11.7 ± 1.5 11.6 ± 1.7 11.9 ± 1.0 0.045

Accumulated MACE 11 (1.8%) 6 (1.5%) 5 (2.2%) 0.561

Accumulated TLR 5 (0.8%) 3 (0.8%) 2 (0.9%) 0.891

Re-PCI 5 (0.8%) 3 (0.8%) 2 (0.9%) 0.891

CABG 0 (0.0%) 0 (0.0%) 0 (0.0%) –

Accumulated MI 3 (0.5%) 1 (0.3%) 2 (0.9%) 0.287

Accumulated death all causes 7 (1.1%) 3 (0.8%) 4 (1.7%) 0.268

Accumulated definite/ probable stent thrombosis 2 (0.3%) 0 (0.0%) 2 (0.9%) 0.065

Acute stent thrombosis, B 24 h 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.065

Subacute stent thrombosis, 1–30 days 0 (0.0%) 0 (0.0%) 0 (0.0%)

Late stent thrombosis, C 30 days 2 (0.3%) 0 (0.0%) 2 (0.9%)

Bleeding complications (minor, major) 3 (0.5%) 2 (0.5%) 1 (0.4%) 0.894
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investigated in this study, the analogy principle
ought to be applied to avoid unnecessarily large
clinical endpoint trials with a meager expecta-
tion of showing non-inferiority for regulatory
purposes. Moreover, our results may suggest a
‘bridging study’ character of our analysis, i.e.
data collected with the first-generation PF-SES
may also be applicable for the second-genera-
tion PF-SES.

Bias and Data Quality

All-comers cohorts have potential sources of
bias. Most importantly, there are operators’
preferences the learning curves for a particular
device given that we compared with a historic
control arm. Event underreporting may also
cause bias. However, these unselected patient
populations are, from our point of view, the
only avenue that may document the efficacy
and safety in real-world clinical practice.
Finally, the purpose of our comparisons is
descriptive in nature, and no formal sample size
estimations were carried out.

Limitations

Observational studies in unselected patients
provide community-level data which may not
have the same rigor in answering specific ques-
tions. Therefore, event underreporting, real-
world DAPT modifications and mostly single-
lesion PCI may have occurred and significantly
contributed to the low event rates which are
only useful for comparison between the device
generations. It would also have been desirable
to document other co-medication such as
angiotensin-converting enzyme (ACE) inhibi-
tors, beta blockers, calcium channel blockers
and statins. Additionally, intravascular imaging
(IVUS, OCT) was not available under routine
clinical use in the participating centers due to a
lack of reimbursement. This would have helped
to determine the radial calcium distribution
within the coronary wall to better evaluate the
need and type of device for lesion pretreatment.

Furthermore, in the multiethnic population
consisting of Malay, Chinese and Indian sub-
populations, it would have been highly

desirable to further illuminate their respective
outcomes.

CONCLUSIONS

Modifications in coronary stent architecture
which enhance radial strength and radiopacity
without gross changes in strut thickness do not
seem to impact clinical outcomes in a Malay-
sian unselected patient population.
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